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INTRODUCTION
There is a growing demand to safeguard natural plant resources worldwide. According to the United Nations estimates, the current world population is 7.7 billion and will reach 10 billion in the year 2056 (Worldometers, 2019) . As the population growth is gathering pace, the consumption of food, forage and other economic plant resources increases accordingly. It has been estimated that 60-90% of medicinal and aromatic plants in trade are collected from the wild and that the increase in trade in medicinal and aromatic plants since 1999 is threefold (Jenkins et al., 2018) .
The Convention on Biological Diversity reaffirms in its Preamble that "States are responsible for conserving their biological diversity and for using their biological resources in a sustainable manner" (UNEP, 1992) . The Convention's Aichi Biodiversity Target 13, one out of 20 Strategic Plan's for Biodiversity 2011-2020 targets, states that "By 2020, the genetic diversity of cultivated plants and farmed and domesticated animals and of wild relatives, including other socio-economically as well as culturally valuable species, is maintained, and strategies have been developed and implemented for minimizing genetic erosion and safeguarding their genetic diversity" (CBD, 2015) .
Lithuania is one of the first countries in Europe, which has adopted the Law on National Plant Genetic Resources. The Article 8 of the Law states that "For the in situ conservation of national plant genetic resources, genetic reserves, gene conservation areas, seed collection stands shall be established, or populations, groups or single trees shall be selected" (seimas..., 2001) . To facilitate the implementation of the Article 8, the Regulations for Seed Sites Attributed to the National Plant Genetic Resources have been issued by the Ministry of Environment (lietuvos..., 2003) . The purpose of establishment of seed (genetic) sites, as provided by the Regulations, is a long-term conservation of genetic resources and use of genetic material for breeding purposes, cultivation of medicinal and fruit-berry plants as well as propagation of ornamental and other categories of plantings. Regarding evaluation, the Regulations provide only very basic provisions, common for all plant species, by stating that seed (genetic) sites should be attributed to the national plant genetic resources considering their biological, ecological, genetic and socio-economic value.
According to the Article 4 of the Law on Protected Areas, genetic sites are attributed to the category of restorative protection priority. The Article 4 also states that "Protected areas of the Republic of Lithuania or their parts may, in accordance with the procedure laid down in Article 24 1 of this Law, be included in the Natura 2000 network" (seimas…, 1993) .
The above-mentioned legal acts provide a legal framework for the targeted activities on in situ conservation of plant genetic resources. This is a necessary, but insufficient condition for the achievement of the in situ conservation goals. The practical steps and decisions related to the evaluation, management and monitoring of the in situ sites are to be elaborated and protocoled. There are some guidelines developed for genetic reserve location and design (dulloo et al., 2008) , genetic reserve management (maxted et al., 2008) and for the conservation and sustainable use of crop wild relatives and wild food plants (FAO, 2017) , which provide general overviews of the approaches available and some recommendations. For practical applications, however, more detailed guidelines are needed. Considering that one of the first practical steps is genetic site evaluation, which applies to both the original site selection and the subsequent site monitoring, the development of guidelines for genetic site evaluation is among the highest priorities enabling manageable and effective plant genetic resource conservation in situ.
This paper aims to discuss and establish tentative guidelines for the original selection and evaluation of genetic sites for in situ conservation of medicinal and aromatic plant genetic resources in Lithuania with some recommendations for their management and monitoring.
Terms and definitions
The following terms and definitions are used in this study: crop wild relatives (CWR) -wild plant species that are genetically related to cultivated crops (Bioversity international, 2019); in situ conservation of plant genetic resourcesconservation of plant genetic resources in their habitats of origin or creation environment; invasive plant species -alien (non-native) plant species, rapidly distributing in the country, changing species composition of local plant communities and ecosystem characteristics; list of the invasive species in Lithuania has been approved by the Ministry of Environment of the Republic of Lithuania (lietuvos…, 2004) . national plant genetic resources -plant genetic resources, which have been selected and included into the Central Database of National Plant Genetic Resources as having ecological, genetic and economic importance for the Republic of Lithuania (seimas…, 2001 ); plant population -the whole number of individuals of a species with the potential to interbreed in a defined geographic region; seed (genetic) site -a type of protected area established with the purpose of maintenance and sustainable use of natural plant genetic resources; sometimes called plant micro-reserve.
METHODOLOGY
With respect to in situ conservation, wild medicinal and aromatic plants (MAP) could be placed into the same category as crop wild relatives (CWR) as both are wild plant species. Therefore, the methodo-logical approach to the development of the guidelines was largely based on the respective studies of CWR conservation in situ (dulloo et al., 2008; maxted et al., 2008; maxted et al., 2013) , including quality standards developed for genetic reserve conservation of CWR (iriondo et al., 2012) and core descriptors for in situ conservation of CWR (thormann et al., 2013) . For the identification of habitat type, the Handbook of Inventory of Natural Habitats of EC Importance (rašomavičius, 2012) is suggested. The Red Data Book of Lithuania (rašomavičius, 2007) was used for the establishment of species endangerment status at national level. For threat assessment, the classification developed by European Topic Centre on Biological Diversity (eionet, 2011) was used. Pragmatic approach with authors' own experience on selection and evaluation of genetic sites (laBokas & karpavičienė, 2018) was employed to develop guidelines suitable for the given geographical context.
There are two basic approaches used in genetic site selection: single species and multiple species. As the multiple-species approach is more common for medicinal and aromatic plants, the current evaluation guidelines focus on that approach. Generally, a fivepoint scale, with '5' representing the highest quality or state and '1' representing the lowest quality or state, is used to make evaluation easily applicable practically. Then, weighted summing can be applied to get an overall evaluation.
CRITERIA FOR EVALUATION OF GENETIC SITES
Evaluation of genetic sites is a complex endeavour, which comprises three major data levels: species, site and threat assessment. Each of these data levels encompass a set of criteria to be used for genetic site original selection and evaluation. A list of these criteria may look as presented below:
1. SETTING CRITERIA VALUES
Species
For the inventory of target species, the list of 135 priority MAP species (Labokas & karpavičienė, 2018) is taken as the basic reference list. During the inventory, species-by-species estimation of cover abundance on Braun-Blanquet (1964) scale is performed on a site. The mean cover abundance of target species is calculated by dividing the sum of Braun-Blanquet scores by the total number of target species inventoried. Then, by using a simple, empirically developed matrix (Table 1) , the site is assigned an evaluation score.
Site evaluation by species endangerment status according to national criteria (for Lithuania see rašomavičius, 2007) is carried out using the scale presented in Table 2 . The highest priority is given to the threatened and near-threatened target species (Lithuanian Red Data Book categories 1(E), 2(V) and 3(R)). Species cultivation status is meant to identify how many species are cultivated or considered as crop wild relatives (CWR). For this purpose, a similar ranking scale could be used (Table 2) with the reference list of CWR (laBokas et al., 2016 ).
An important point in genetic conservation is detection of any distinctive (phenotypic, ecotypic) properties of target species populations. These may serve as potential indicators of genetic diversity of the species, while encompassing as much genetic diversity as possible is the main aim of the whole conservation endeavour. For this purpose, the evaluation scale is also developed and presented in Table 2 .
Although the species criteria are of utmost importance, site-related criteria also play a significant role *Braun-Blanquet scores of species cover abundance: '+' denotes cover less than 1% with very few individuals (here we treat it as '0.5'); '1' denotes 1-5% cover and many individuals; '2' -cover 5-25%; '3' -cover 25-50%; '4' -cover 50-75%; '5' -cover 75-100%. and should be considered during the original genetic site selection.
Site
Site location has a direct relation to the conservation of the resources. It has been observed by schulze et al. (2018) that the number of reported threats is lower in protected areas with greater remoteness. On the other hand, it has been established globally that protected area networks are biased towards places that are unlikely to face land conversion pressures even in the absence of protection (Joppa & pfaff, 2009 ). Nevertheless, a protected area bias in suitability for agriculture or forestry and distance to roads and cities is a very important factor contributing to MAP conservation. Therefore, any remote or hardly accessible site should be identified and, if appropriate, given the highest rating point. In Lithuania, examples of such sites are river or lake islands and peninsulas, border zones, slopes of hills, regularly flooded areas, etc.
There are 22 physical geographical areas identified in Lithuania based on paleogeographical land development (Basalykas, 1965) . A general rule could be applied stating that at least five populations should be conserved per area (dulloo et al., 2008) . However, considering that the genetic site area is quite small in Lithuania (7.2 ha on average) (laBokas & karpavičienė, 2018), a minimum of 10 populations, as suggested by Whitlock et al. (2016) , should be more reasonable. The criterion of physical geographical area is important as a proxy indicator of plant genetic diversity (maxted et al., 1995) . Thus, it is considered that the genetic diversity of the species selected for conservation is as big as the number of physical geographical areas represented with that species.
Site area is the criterion, which has a definite effect on long-term conservation. This is related to the well-known SLOSS (single large or several small) debate contributed significantly by higgs and usher (1980). These researchers have found that a number of small reserves have more species than a single large reserve. For the small countries such as Lithuania, this approach is even more appropriate. A successful implementation of small genetic sites, the so-called plant micro-reserves (2-20 ha), has been proven in Spain (laguna et al., 2004) . In Lithuania, the established genetic sites vary by their area from 0.4 to 38.0 ha and can be grouped into five categories of size (Table 3) .
Based on this statistical data, we could state that optimal site area is 1.1-10 hectares. Smaller areas could be unsustainable in the long run. Larger areas are acceptable in cases, when genetic site overlaps with the existing protected area or a distinctive part of it (like forest block, peninsula and so on) or are otherwise reasoned pragmatically. Therefore, when evaluating potential genetic sites by area, an area of 0.4 ha should be considered the lowest threshold and applied only in cases, when there are no threats observed from the closest neighbourhoods or a larger buffer zone is established around it. Normally, the lowest threshold should be 1.0 ha. Meanwhile, an area exceeding 40-50 hectares (which is one of the standard forest block sizes) could hardly be justifiable pragmatically, except for the cases mentioned above, and, therefore, could be considered a tentative upper threshold. Thus, all sizes in-between the given range of 1.1-50 hectares should be considered appropriate or close to optimal.
Identification of habitat type allows us to judge on the naturalness of a site, which is highly valued by nature conservationists. One option for habitat identification is by using the Handbook of Inventory of Natural Habitats of EC Importance (rašomavičius, 2012), which describes 53 types of natural habitats of European Community importance in Lithuania. Nevertheless, for site evaluation by habitat type, we suggest a simplified scale presented in Table 4 . In the case, when several habitat types are identified within the same site, a weighted average of scores could be used for site evaluation. For natural and semi-natural habitats, plant communities could be identified and used for site monitoring. For site evaluation by habitat type, the IUCN (2019a) Habitat Classification Scheme could be employed as well.
Site protection is an important criterion largely predefining success of conservation efforts implemented on genetic sites. Based on the functions of different protected areas in Lithuania (state …, 2009), genetic sites could be scored as presented in Table 4 . Also, for this kind of evaluation the World Database on Protected Areas (WDPA) (protected planet, 2014-2019) can be employed to get internationally comparable definitions such as English Designation, IUCN Management Category, etc.
Species and site criteria are not enough for the effective genetic site selection for long-term conservation as many more conditions affecting site should be evaluated. A general term for those is threat assessment.
Threat assessment
There are many potential threats to the in situ conservation of MAP genetic resources. The European Topic Centre on Biological Diversity classifies them into thirteen major categories by their origin: agriculture, forestry, mining, extraction of materials and energy production, transportation and service corridors, urbanization, residential and commercial (eionet, 2011) . On a local (national) scale, not all of these are relevant for genetic site evaluation. For Lithuania, the relevant threats could be abstracted as presented in Table 5 . In the final step, ten major evaluation criteria are selected out of more than twenty those discussed above, and weight percentages assigned each (Table 6) considering the minimum quality standards proposed by iriondo et al. (2012) for in situ conservation of CWR in genetic reserves. Factors affecting and Forest (lietuvos…, 1992) . The lower categories of roads are assigned 50, 20 and 10 m protection zones, respectively, railroads -45 m, with evaluation scores for genetic site location changing accordingly.
the selection of criteria pertain chiefly to threats and include changes in agricultural profile causing extremely reduced practice of haymaking and livestock grazing in natural and semi-natural habitats, particularly on state-owned land, rare cases of critical states of some conditions such as impact of recreational activities, etc. Habitat type is not included among top 10 criteria, because it is a compound one derived from other lower level data. However, it could be successfully used for site evaluation reports as an informative overall indicator. The overall evaluation of a site, using the criteria presented in Table 6 , is obtained as a sum of products of evaluation scores multiplied by their weight percentage. If at least one of the criteria, except for the number of red-listed species, the number of CWR species and protected area status, are scored one point, no further evaluation is carried out and a site is rejected. For long-term conservation, only sites scored not less than three points on average are recommended.
INTERPRETATION OF FINAL EVALUATION SCORES
Information sources for the original site selection include documents, databases and cartographic materials (maps) indicating land use, land ownership, protected area status, habitat type, species distribution, etc. The purpose is to get as much information as possible on the location of potential genetic sites. When potential sites are located, the in-place evaluation is carried out to make a final site selection. The obtained final site evaluation scores could be interpreted as indicated below: 1) Score 1 -inadequate condition -unsuitable/ non-restorable site is stated, when at least one of the following conditions is observed: there are ≤ 5 target species with average Braun-Blanquet score ≤ 1 (see Table 1 ); > 20% of site area is covered by invasive species or > 40% by nitrophilous (Anthriscus sylvestris L.) Hoffm., Impatiens noli-tangere L., etc.), rud- 3) Score 3 -fair (or satisfactory) condition -site corresponds to the following minimal requirements:
1-5 target species, the average Braun-Blanquet score is 2.1-3.0; 6-10 target species, the average Braun-Blanquet score is 1.1-2.0; 11-15 target species, the average Braun-Blanquet score is 0.5-1.0; populations are in fair condition, they represent potential genetic diversity (based on ecogeographic analysis); invasive non-native species cover ≤ 20% of the site area; nitrophilous and other problematic native species cover ≤ 40% of the site area; mechanical damage of soil surface (mineralization) is ≤ 30% of the site area; no other actual or potential threats or disturbances are observed threatening long-term conservation; 4) Score 4 -good condition -quantitative (percentage) indicators are intermediate between those of fair and excellent conditions; qualitative indicators correspond to those of excellent condition; 5) Score 5 -excellent (or very good) site condition is when species inventory results in high proportion of target species compared to the total number and/or cover of native species:
1-5 target species, the average Braun-Blanquet score is 4.1-5.0; 6-10 target species, the average Braun-Blanquet score is 3.1-4.0; 1-15 target species, the average Braun-Blanquet score is 2.1-3.0;
16-20 target species, the average Braun-Blanquet score is 1.1-2.0; > 20 target species, the average Braun-Blanquet score is 0.5-1.0; plants are healthy, developing normally, populations represent genetic diversity (based on ecogeographic analysis and/or genetic studies); there are no alien invasive and problematic native species or cover of such species is ≤ 5% and ≤ 10%, respectively; mechanical damage of soil surface (mineralization) amounts to < 1% of the site area; environmental conditions are diverse; site is in a favourable location for long-term conservation (slope, island, peninsula, floodplain, etc.) ; no external threats are established.
In all cases a special consideration should be taken of rare species and distinctive populations (Table 2), for which pragmatic decisions could be made in each case separately.
RECOMMENDATIONS FOR MANAGEMENT AND MONITORING OF GENETIC SITES
One of the major points of the genetic reserve management plan is management interventions (maxted et al., 2008) . This pertains to the genetic sites as well. It has been acknowledged that climate change facilitates the spread and establishment of many alien species and creates new opportunities for them to become invasive (IUCN, 2019b) . The same could be observed with the native expansive species. Therefore, to ensure sustainability of genetic sites, the prevention measures against the invasion of these problematic species should be strictly considered. This means maintaining as natural environment as possible by avoiding any clear cuts, soil surface damages, site trampling, etc. These requirements pertain to a high degree to the closest neighbourhood of the genetic sites. When the undesirable species are observed, the control measures should be applied in as early stages of their occurrence as possible and could consist of physical removal of individuals only. In later stages, eradication of undesirable species may become more complicated and force to search for the most effective method or a combination of different methods, including physical, chemical and biological, depending on species invaded.
Besides, depending on the type of plant communities and species conserved, the following intervention measures are recommended: 1) when target species are herbaceous plants: a) grass mowing is necessary at least every second year, but not more frequently than twice a year -the best timing is in August, after mature seeds are produced by most of the plant species, breeding season of birds, insects and other animals has ended; the mown grass should be removed from the site; b) when possible (e.g. site is trample-proof, soil moisture content is not too high), cattle, horse, sheep or goat grazing could be recommended in terms of one livestock unit per hectare (see Table 5 above); preferably, grazing should be maintained on sites, which were established based on species composition formed in a consequence of regular grazing; c) in some cases, haymaking can be interchanged with grazing, e.g. every second year; 2) when target species are trees and shrubs: a) for tree stands, selective cuttings by removing the most poorly developed individuals should be carried out in cases when too high density of target species individuals is being observed and when strong within species competition is on; b) removal or thinning of the other woody plants is being carried out when they are shading or otherwise hindering the growth and fruiting of the target species; c) protection against wildlife, including game species (elk, deer, beaver, etc.), caused damage (direct or indirect) should be implemented by using individual measures or site fencing. The recommended intervention measures should be applied pragmatically in each case depending on site conditions and impact of the measure applied.
Protection and management of genetic sites is to be organized by the State Service for Protected Areas under the Ministry of Environment within its remit and in accordance with national conservation strategy.
The main objective of monitoring is detecting changes in certain parameters over time. The objectives may involve providing data for modelling population trends, assessing population size and structure, determination the effects of management actions, etc. (iriondo et al., 2008) .
Repeated evaluations of genetic sites for the purposes of monitoring should be carried out in a sustained way every four years on sites with prevailing herbaceous plant communities and every eight years on sites with forest communities. The monitoring periods can be reduced to two and four years, respectively, if actual or potential threats are detected. Monitoring of genetic sites should be performed by the directorates of state parks and nature reserves, if not decided otherwise by the Ministry of Environment, in accordance with the state monitoring programme.
Genetic sites located outside of protected areas and exhibiting good and excellent results of repeated evaluations can be proposed the status of state genetic reserves as defined by the Law on Protected Areas (seimas …, 1993). On the contrary, genetic sites, which suffer unsatisfactory and non-restorable conditions due to objective reasons, could be considered for exclusion from the national plant genetic resources information system. In the latter case, new genetic sites of the same major species should be established within the same physical geographical area as substitutes to those excluded.
